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P^apillomavirus Probe and a process for in vitro 
diagno sis of papillomavirus infections. 

5 

The invention concerns papillomavirus DNAs and 
more particularly the probes derived from these papillo- 
maviruses, as well as the processes which use them tor 

10 the in vitro diagnosis of papillomavirus infections. 

The expression "papillomavirus" covers a great 
number of viruses having in common being considered 
responsible for several forms of viral infection ranging 
from relatively benign warts of the skin or mucous 

15 membranes to hyperplasias susceptible to degenerating 
into intra-epithelial neoplasms or into various forms of 
skin cancer. To be noted also among the papillomavirus 
infections are particularly the epidermodysplasias 
verruciformis which will sometimes be referred to 

20 hereafter by the expression "EV. 

A certain number of types of papillomavirus have 
already been described. In the context of the present 
patent application, several new types and sub-types of 
papillomavirus will be described which have been isolat- 

25 ed from warts or disseminated macular lesions, likely to 
lead to the development of* precocious skin cancers in a 
large proportion of affected patients. 

Recent studies have revealed the importance of 
immune tactors and the ma^or role of human papilloma- 

."^0 viruses (HPV), to these factors added are the role 
previously described in the literature of various 
genetic factors and actinic radiations in the patho- 
genesis of papillomavirus infections. 

The invention is the result of observations 

35 regarding the relative behavior of a great number of 
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newly isolated papillomaviruses whose essential genomic 
characteristics will be defined below. 

The study of a small number of EV cases has 
already lead to the characteriiation of 6 types of HPV 
5 after molecular cloning of their genomes (KREMSDORF, D. 
et al. 1982, J. Virol, li, 436-447, and KREMSDORF et al. 
1983, J. Virol. 18» 340-351). These HPV have been divid- 
ed into three groups as a function of the lack of cross- 
hybridization or very weak cross-hybridization between 

10 the genomes of the different groups. The first group 
includes the HPV3a and 10 which are associated with the 
plane warts observed in certain EV patients and in the 
general population ; DNA sequences related to those of 
HPV3a have been found in the cancer of an EV patient. 

15 The second group includes HPV5 , 8 and 12, the genomes of 
HPV5 and 8 having been detected in the cancers of EV 
patients, with the exception of a kidney transplant 
recipient presenting an imrouno-suppression , who turned 
out to be infected by HPV5, the virus of the two latter 

20 groups have been detected only among EV patients, most 
of them being infected by several viruses. It should be 
noted that among the 14 types of HPV currently mentioned 
in the literature (bibliographic references 1-5, 8, 9^ 
13, 14, 16, 18-20 indicated further on), four turn out 

25 to be specifically associated with EV which is a rare 
disease . 

The labors which have led to this invention and 
which have permitted the isolation of a large number of 
new types and sub-types of papillomavirus, create the 

30 possibility of more highly refined in vitro diagnostic 
techniques. More particularly, the invention provides 
perfected techniques for papillomavirus identification, 
for example, of those obtained from lesions oi biopsy 
sections, and allows for more precise diagnoses which 

35 may also result in better prognoses with regard to the 



possible evolution of the lesions in question. 

As a general rule, it should be noted that, 
despite being very different from each other, the 
papillomaviruses have sizes of the order of 7000-8000 
5 base pairs. In addition, their genomes may nevertheless 
present certain degrees of homology. In what follows, 
reference will be made to evaluations of the percentage 
of homology between the various types and sub-types of 
papillomavirus, these homology percentages result from 
10 hybridization assays performed under conditions referred 
to as "non-stringent* or "non-stricf , or under hybrid- 
ization conditions called "stringent" 6u' " strict" , 

Among the papillomaviruses may be distinguished 
p several types of papillomavirus, these may be disting- 

^IJ 15 uished by their percentages of homology as measured 

yj under strict or stringent conditions. Papillomaviruses 

^{ which, under these conditions, present homology percent- 

ages of less than 50 %, belong to different types. It 
ij^^^ may be noted in this regard, that the homology percent- 

y 20 ages between viruses of different types may even fall to 

£ zero under said strict or stringent conditions. Under 

H these same conditions, viruses showing homology percent- 

ages of more than 50 % are considered as belonging to 
f;'' the same type and form the different syb-types within 

25 this same type. 

Hybridization assays under non-strict or non- 
stringent conditions implies the mutual placing into 
contact of DNAs derived from two viral isolates under 
the following conditions as described by HEILMAN, C.A. 
:*0 et al. 1980, J. Virol, li, 395-407, and CROISSANT et al . 
1982, C.R. Acad, Sc. Paris, 211. 81-586 (hetero-duplex 
molecules) . 

Hybridization assays, under strict or stringent 
conditions imply the placing into mutual contact of DNAs 
35 derived from two viral isolates under the conditions 
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described by KREMSDORF, D. et al. (1982, J. Virol. 13, 
436-447, and J, Virol. 4fl. 340-351) and DAVIS, R.W. et 
al. 1971, Methods Enzymol . 21* 413-428 (hetero-duplex 
molecules) . 

5 Schematically, it may be noted that those 

papillomaviruses belonging to one same type presenting 
hybridizable sequences having virtually identical 
nucleotide sequences over 80 to 100 *• of the totality of 
their respective lengths, these homologous sequences may 

10 be reduced to 60 or less among papillomaviruses of 
different types. The degree of identity or of analogy of 
the sequences from papillomaviruses of different types 
which mutually hybridize under non-strict or non-string- 
ent conditions must obviously be less than in the case 

15 of papillomaviruses of the same type. 

The study to which the inventors proceeded has 
shown both that the degree of genetic heterogeneousness 
between diverse types of papillomaviruses was greater 
than previously recognized and at the same time that the 

20 different types were fond often to be associated with 
forms or variants of infections presenting a certain 
degree of specificity. 

The invention consequently concerns not only the 
DNAs susceptible to being isolated from different new 

25 papillomaviruses which have been isolated and the probes 
which can be partially or entirely constituted of these 
DNAs, but also mixtures or "cocktails" of papillomavirus 
types likely to be most effectively used for the diagn- 
osis of diverse categories of infection, and of the 

30 levels of risk to the patient which accompanies the 
discovery of a given papillomavirus. The number of 
papillomavirus probes described in the present applica- 
tion, to which may be added, as the case may be, those 
constituted from the genomic DNAs of papillomaviruses 

•"35 which have already been previously isolated, and their 



associations in the specific mixtures* lend greater 
precision to the diagnosis, notably a greater discrim- 
ination between the diverse categories of infections 
which may be imputed to the diverse types of papillo- 
mavirus or which may be susceptible to develop under the 
effect of these latter types and, within a given cate- 
gory of infections, to give a better prognosis of the 
degree of risJc that these latter could be transformed to 
more serious disease. For example, the invention aims to 
provide the means permitting, in the case of infections 
manifesting as epidermodysplasias verruciformis, to 
better appreciate the degree of risk that they may 
evolve towards skin cancer. 

In a general manner and in an attempt to simpli- 
fy the following presentation, the whole genomes of the 
papillomaviruses will be designated by the abbreviation 
-HPV-DNA- . 

With the same aim of simplification, reference 
will be made to appended drawings on which figure 
physical restriction maps of HPV-DNAs including some 
from previously known papillomaviruses. 

These physical maps give the positions of the 
fractionation sites of the various restriction endo- 
nucleases. The origin of the maps is generally consti- 
tuted of the site of a single cut. The distances from 
this point of origin are expressed as a percentage of 
the total length of the genome. One unit of the map 
represents 1 \ of the length of the genome. 

The invention first of all concerns most 
specifically each of the HPV-DNAs chosen from among the 
total of the DNAs having sizes ranging between 7000 and 
8000 base pairs and are characterized by the restriction 
maps appearing in the drawings which condern more 
particularly HPV-DNAs obtained from papillomaviruses and 
which correspond to the designations HPV-2d, HPV-10t>, 
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HPV-14a, HPV-14b, HPV-1S, HPV-17a, HPV-17b, HPV-19, 
HPV-20, HPV-21, HPV-22, HPV-23, HPV-24, HPV-28, HPV-29, 
HPV-31, and HPV-32, HPV-IP2 and HPV-IP4, 

It goes without saying that the invention 
5 equally extends its effects to HPV-DNAs which may be 
considered as belonging to the same types as those ^ust 
enumerated . 

The physical maps corresponding to the HPV-DNAs 
of newly characterized viruses are indicated by a solid 

10 black circle on the drawings. 

The invention equally concerns fragments of the 
preceding HPV-DNAs or capable of hybridizing with theiRi 
notably under strict conditions. Likewise it concerns 
those recombinant DMAs containing all or part of any of 

15 the HPV-DNAs indicated above, and more particularly 
recombinant DNAs containing fragments corresponding to 
genes El, E6-E7, L1, and L2 respectively or again 
fragments containing sequences corresponding to the 
inter-gene regions of these said HPV-DNAs. Lastly it 

20 concerns the probes which may be constituted from these 
respective HPV-DNAs, and the processes of in vitro 
diagnosis using said probes. 

Preparations of viral DNA have been selectively 
extracted (LUTZNER, M.A., 1983, Lancet ii:422-424) from 

25 the products of scrapings of benign lesions of six 
European EV patients and two South American EV patients. 
The HPV-DNAs were purified by equilibrium centrif ugation 
through cesium chloride gradients and/or by sedimenta- 
tion through sucrose gradients in the presence of 

30 ethidium bromide, according to the operating procedures 
previously described (articles by KREMSDORF, D. et al . 
mentioned above, and ORTH, G. et al . 1980, Cold Spring 
Harbor Conf . on Cell Proliferation 7:259-282). The DNA 
preparations were treated with restriction endonucleases 

35 and the digestion products separated by electrophoresis 
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on agarose gels (articles by KREMSDORF et al. already 
mentioned). In addition, from the HPVs 5, 8 and 12 
(KREMSDORF et al , articles again) and HPV-2 (HEILMAN, 
C.A. et al. 1980, J. Virol. 16:395-407, and ORTH, G. et 
5 al . 1980, Cold Spring Harbor conf . on Cell Proliferation 
7:259-282) found in the verruca warts of one of the 
patients, eleven strains different from those from 
previously characterized types, were identified furnish- 
ing the major models for the restriction enzyme cleavage 

10 of the DMAs. The new HPV types were given a number and 
the sub-types of a type were given the same number 
followed by a letter according to the chronological 
order of their identification (COGGIN, J.R. et al. 
Cancer Res. 11:545-546). The genomes of the 11 new HPVs 

15 were cloned into Escherichia coli K12, strain C600 
(KREMSDORF et al. article (1983) previously mentioned). 
The DNAs were inserted in the form of molecules of 
unitary length with the exception of two fragments of 
DNA from HPV-24 produced by endonuclease BamHI , They 

20 were inserted either into plasmid pBR322 (SUTCLIFFE, 
J.G., 1978, Nucleic Acids Res. 1:2721-2728), using the 
unique cleavage sites from Aval, from BamHI, and from 
Hindlll , or into a recombinant plasmid having integrated 
the Hindi II B fragment from the DNA of HPV-5 (KREMSDORF 

25 et al. (1982) previously mentioned), which contains a 
unique Sad site. More particularly, the HPVs 17b and 22 
were inserted in the form of DNA molecules of unitary 
length after splitting with an enzyme (Sad) which 
splits only once the DNA of HPVs and the recombinant 

30 plasmid pBR322 containing the Hindlll B fragment from 
the DNA of HPV-5. The DNA of HPV- 14a was inserted into 
the plasmid pBR322 in the form of a DNA molecule of 
unitary length after incomplete digestion of the viral 
DNA preparation by Hindi II, an enzyme which produces two 

^5 fragments of 96.1 and 3.9 of the length of the genome. 
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the BamHI A and B fragments of HPV-24 (having sizes 
corresponding to 83.1 and 16.9 \ respectively of the 
genorae length) were inserted separately into plasmid 
PBR322. 

The isolated clones and the corresponding HPV 
sources are listed in the appended Table I, 
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To identify the reconbinant plasmids, the 
electrophoxetic mobilities of the digestion products of 
the recombinant DNAs and the non-cloned HPV-DNAs were 
compared after treatment with a mixture of two restric- 
5 tion endonucleases including the endonuclease used for 
the insertion of the viral sequences into the plasmid. 
The number and the sizes of the isolated fragments 
indicated that in each case the entire viral genomes 
were integrated. A heterogeneity of the DNA sizes was 
10 observed when non-cloned HPV-DNAs or those excised from 
plasraidic sequences, were analyzed by agarose gel 
electrophoresis (data not shown). The DNAs from HPVs 
^ 14b, 19, 20 and 21 have sizes similar to those of HPVs 

y 3a, 5, 8 and 12 (around 7700 nucleotide pairs) (articles 

% 15 by KREMSDORF (1982) and ORTH (1980) already mentioned). 

The sensitivity of cloned viral genomes to 14 
restriction endonucleases was analyzed and physical maps 
jfl established (Figures 1 through 10). The restriction maps 

J1 of certain HPV-DNAs are repeated in some of the figures 

20 for reasons which will be explained further on. Between 
22 and 33 cleavage sites have been localized according 
J to the methods previously described (9). No apparent 

^ analogy could be detected between the maps with the 

In exception of those of HPVs 14a and 14b, on the one hand 

□ 25 (Figures 4a and 4b), and those of HPVs 17a and 17b, on 

^ the other (Figure 5). Among the 21 and 31 sites local- 

ized respectively on the DNAs of the HPVs 14a and 14b, 
fifteen turned out to be in common when one of the two 
BamHI cleavage sites of the DNA of HPV-14a was aligned 
30 with the unique BamHI cleavage site of the DNA of HPV- 
14b. In a similar manner, 21 of the 29 cleavage sites on 
the DNA of HPV-17a were equally found on the DNA of HPV- 
^ . 17b (out of 26 sites), when the sites of the unique 

BamHI cleavages wer Aligned. 
35 No apparent analogy has been detected between 
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these maps and those previously established for the HPVs 
associated with EV (HPVs 3a. 5, 8, 9, 10 and 12) (8, 9, 
16, 18 and 20), with warts on the skin (HPVs 1, 2, 4 and 
7), with lesions of the rouco-cutaneous or mucous mem- 
5 branes (HPVs 6b, 11a, 13 and 16), with the exception of 
the map for HPV-14a which is closely related to the map 
of an HPV isolated from a Japanese male with EV (24). 
This latter isolate differs from HPV-14a by one addi- 
tional BamHl site and one additional Hindll site, while 

10 the locations of the sites : Aval. BamHI, Bgll , EcoRI , 
Hindi! and Hindlll were similar for the two viruses. 
Cross-hybridization experiments confirmed that these two 
viruses are indeed closely related. 

It should be noted that some sites (those 

15 indicated by arrows) were not located. Cleavage sites 
differing be less than 2 \ of the length of the genome 
were considered as retained (*). Enzymes which produced 
no splitting were : Pvul , Sail, and Smal for the DNA of 
HPVs 14a and 23 ; Pvul, Sacl, Sail and Smal for the DNA 

20 of HPV- 14b ; Bgll, Pvul, Sail and Smal for the DNA of 
HPVs 15, 17a and 17b ; Bgll, Sad, Sail and Smal for the 
DNA of HPV- 19 ; EcoRI . Pvul, Sad and Smal for the DNA 
of HPV-20 ; Sad and Smal for the DNA of HPV-21 ; BamHI, 
Bgll, Pvul, PvuII and Sail for the DNA of HPV-22 ; 

25 Bgll, EcoRI, Pvul, Sad and Smal for the DNA of HPV-24. 

The existence of sequence homologies between the 
DNAs of the newly characterized HPV-DNAs as well as 
between these and the previously characterized HPV-DNAs 
of EV (HPVs 3a, 5, B, 9, 10 and 12). of HPVs associated 

30 with s)cin warts (HPVs 1, 2, 4 and 7 ), and of HPVs 
associated with mucous membrane lesions (HPVs €b, 11a, 
13 and 16) has been studied. Hybridization experiments 
by attachment onto filter paper and DNA-DNA hybridiza- 
tion in saturated liquid phase followed by SI nuclease 

35 digestion were cariied out under the strict or stringent 
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conditions previously described (8, 9). In particular, 

the DNAs of HPVs were labeled by "nick translation" and 

separated by sedimentation on alkaline sucrose gradients 

(5 to 20 \) as previously described (13). The labeled 

5 (4000 cpm) HPV-DNAs were incubated in NaCl 0.48M/EDTA 

ImM (pH 6.8) at 68 degrees C, in the presence of cither 

calf thymus DNA (20 micrograms), or unlabeled HPV-DNA 

(0.20 micrograms) as previously described (8, 9). The 

specific activity of the HPV-DNA probes varied between 
7 8 

10 5.3 X 10 and 2 x 10 cpm/microgram . The percentage of 
hybridization was determined by measure of the fractions 
resisting the SI nuclease. The numbers represent the 
values corrected for spontaneous renaturation (4 to 
15 %) of the probes and normalized to 100 % for the 

15 homologous hybridization (75 to 95 *.) . The abbreviation 
ND signifies "not determined". The relative amounts of 
cross-hybridization between the HPV-DNAs under the 
conditions indicated above are expressed as a ** of 
hybridization between the labeled HPV-DNA and the 



20 unlabeled HPV-DNA. 
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The absence or near absence of cross-hybridiza- 
tion between the genomes of HPVs 1, 2, 4, 6b, 7 and 11, 
and the HPV-DNAs of 32 P labeled newly cloned EV, or 
between unlabeled HPV-DNAs of EV and probes specific to 
HPVs 13, 16 and 18 is to be noted. In a similar manner, 
almost no cross*hybridization has been detected between 
the DNAs of HPVs 14a, 14b, 15, 17a, 17b, 19, 20, 21, 22, 
23 and 24, and the DHAs of HPVs 1a and t1a by saturation 
reassociation (Table 2). The DNAs of newly cloned HPVs 
showed little or no cross-hybridization or showed less 
than 50 \ cross-hybridization between each other and 
with the genomes of other HPVs associated with EV (HPVs 
3a, 5, 8, 9, 10 and 12) with the exception of HPVs 14a 
and 14b on the one hand, and HPVs I7a and 17b on the 
other, which showed strong cross-hybridization. These 
observations justify the classification of the ^ new 
viruses into nine new types (HPVs 14, 15, 17, 19, 20, 
21, 22, 23 and 24) plus two sub-types of types 14 
(HPV-14a and 14b) and 17 (HPV-17a and 17b), 

Li)cewise, the different HPVs have been classed 
into groups based on their homologies (or lack of them) 
of sequences under the strict conditions of molecular 
hybridization. These groups, designated by the letters A 
to H, are listed in Table 3 which is appended. This 
Table mentions the diseases which have been diagnosed 
among the carriers of these HPVs (separately or in 
combination) and their oncogenic potential. 
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The DNAS Of HPVs 5, 8, 12, 14, 19, 20, 21, 22 
and 23 show between them levels of cross-hybridization 
(group homologies) varying from 5 to 38 \ and show no 
notable cross-hybridization (4 to 13 \) except with the 
5 DNAs of HPVs 5, 8 and 12. These viruses thus form a part 
of a group of HPVs of EV previously defined (9). 

Likewise, the DNAs of HPVs 9, 15 and 17 which 
show between them cross-hybridization of around 20 \ and 
cross-hybridization of around 6 \ with the DNA of HPV-9, 
10 equally belong to a group of EV HPVs previously describ- 
ed {9). The HPVs of types 13 and 31 may be considered as 
belonging to one same group. And last, the HPVs of types 
2, 4, 24 and 32 which show almost no homology with 
the genomes of the other HPVs, are considered as forming 
15 the first members of other groups which are distinct 
from each other and from the previous groups. 

The invention concerns still more particularly 
the DNA fragments derived from the above described 
HPV-DNAs, and especially those corresponding to genes 
20 E6-E7, El, L2, L1 and to their inter-gene regions. The 
relative positions and lengths of these various frag- 
ments in relation to the sites taken as origins (Figures 
1 to 9) are indicated in Table 4 appended. 
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The localization of genes on the genome of HPV-1 
has been deduced from the nucleotide sequence of this 
genome {patent of 0. DANOS, M, KATINKA and M. YANIV) . 
The physical maps of the genomes of the HPVs 3, 5, 8, 9i 
5 10a, 12, 14r 15, 17 and 24 have been aligned relative to 
the physical map and the gene map of HPV-1, and that of 
HPV-31 relative to the physical map and gene map of 
HPV-6b (E. SCHWARZ and al , EMBO J., 1983, 2, 2341-2}48). 
after electron microscope analysis of the hetero-duplex 
10 molecules formed under strict conditions (Tm -29 degrees 
C) or less strict (Tm -40 degrees C) of hybridization. 
The physical maps of HPVs 10b, 28 and 29 were lined up 
against the pysical maps of HPVs 3a and 10a after 
juxtaposition of the retained restriction enzyme sites, 
15 The values of the co-ordinates shown in table 4 

give the position, on the physical amps presented in 
Figures 1-9, the 5* and 3' ends of th genome segments 
homologous with the genes £6 and E7, El, L2 and LI and 
with the inter-gene region relative to the genome of 
20 HPV-la, or, in the case of HPV-31, relative to the 
genome of HPV-€b, 

The inter-gene region (which includes the 
elements of regulation) and the adjacent E6 and £7 genes 
(corresponding probably to the major genes of transfor- 
25 mation expressed in tumors) show no sequence homology 
detectable by electron microscope analysis of the 
hetero-duplex molecules formed (under non-strict 
hybridization conditions) between the genomes of HPV 
types belonging to different groups, or formed (under 
30 strict hybridization conditions) between the genomes of 
most of the HPV types belonging to the same group. Gene 
El (implicated principally in the replication of viral 
DNA) and gene LI (coding for a major protein of the 
viral capsid bearing the virion's principal antigenic 
35 determinants) show sequence homologies detectable by the 
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analysis of hetero-duplexes formed (under non-strict 
hybridization conditions) between the genomes of HPV 
types belonging to different groups, or (under strict 
conditions) between the genomes of HPVs belonging to. the 
5 same group. 

Probes prepared from recombinant plasmids which 
include the El and Li regions could theoretically permit 
the detection of the greatest number of HPV types by 
molecular hybridization experiments under strict or 

10 non-strict conditions according to the case. Probes 
prepated from recombinant plasmids which include the 
inter-gene region and the genes E6 and E7 permit the 
specific detection of one HPV type or related HPV types. 

The L2 region (coding for a minor constituant of 

15 the viral capsid) shows a variable degree of conserva- 
tion of nucleotide sequences among the different HPV 
types. 

In what follows, the conditions under which the 
viruses HPV-IP2 and HPV-IP4 have been isolated will be 
20 described more precisely, as will the conditions under 
which the KPV-DNAs from these viruses were obtained. 
Molecular clonino and characterization of a new tvpe of 
HPV ass ociated with neoplasms and genital cancers 

25 A new type of HPV has been demonstrated in the 

DNA extracted from a cancer of the cervix, by hybridiza- 
tion under non*strict conditions with a radioactive 
probe specific to HPV type 16. No cross-hybridization 
was detectable when the hybridization was carried out 

30 under the strict conditions of hybridization. A study of 
the sensitivity of the DNA of this HPV to a number of 
restriction enzymes has shown that the enzyme Bglll cut 
once the viral DNA. After digestion of the DNA extracted 
from the tumor, by the endonuclease Bglll, the fraction 

35 containing the DNA molecules of 8)tb (size of a genome of 
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papillomavirus) were purified by centrif ugation through 
a sucrose gradient. The 8)tb molecules were inserted, at 
the Bglll site, into a vector constituted of the plasmid 
PL15.5 (which includes a single cut site by Bglll and by 
5 BamHI) which was inserted by it's BamHI site into the 
DNA of the bacteriophage lambda L47.1, After encapsida- 
tion of the recombinant DNA and infection of the host 
bacteria rsrheTichia coli strain (LA101). the areas of 
lysis corresponding to recombinant phages were detected 

10 by hybridization of the replicated infected bacterial 
cultures, with DNA from radioactive HPV-16, under non- 
strict conditions. Several recombinant bacteriophages, 
containing the totality of the viral sequences, have 
been isolated : the cutting of the phagic DNA by the 

15 insertion enzyme Bglll results in a fragment of 8kb 
hybridizing with the HPV-16 under non-strict condi- 
tions ; the cutting of the DNA of the recombinant phages 
and of the DNA of the tumor of origin by a mixture of 
the enzymes Bglll and PstI leads to the same 5 frag- 

20 ments, the total molecular weight of which is equal to 
the size of a genome of the papillomaviruses. The DNA of 
the new HPV was excised from the DNA of the recombinant 
bacteriophages, purified by electro-elution, and re- 
cloned in the plasmid PL15.5. A restriction map of the 

25 viral DNA has been established based on the sensitivity 
of t.his DNA to 18 restriction endonucleases , permitting 
21 cut sites to "be localized (Figure 9). The map thus 
established is different from the map of the genomes of 
HPVs identified up til now. The sequence homology bet- 

30 ween the DNA of the new HPV and the DNA of the HPVs 
identified up til now were analyzed by molecular 
hybridization experiments on culture replicas under 
strict conditions. The homology detected was always less 
than 5 the greatest homology was detected with the 

.15 genome of HPV-16. The new virus characterized from a 
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cervical cancer therefore constitutes a new type of HPV, 
provisionally called HPV-IP2. 

The analysis, by electron microscopy, of the 
hetero-duplex molecules formed under different condi- 
tions between the DNA of HPV-IP2 and the DNA of HPV-1 
permitted the alignment of the physical maps of these 
two genomes and the definition of the theoretical 
positions of the different genes of the DNA of HPV-IP2. 
PUTATIVE POSITIONS OF THE PRINCIPAL GENES AND OF THE 
INTER-GENE REGION OF THE HPV-IP2 ON THE MAP OF THIS 
GENOME. 

Co-ordinates of the ends : and H 

E6-E7 62 71.5 

El 71 95 

E2 95.5 .11.5 

L2 11 30.5 

LI - 31.5 52. 

Inter-gene region 52 63.5 

The use of radio-active probes prepated from the 
DNA of purified HPV-IP2 has permitted the determination 
of the pathogenic power of these viruses. The DNA of 
HPV-IP2 was found in one case of Bewenoid papula of the 
external genital organs, out of 14 cases studied ; in 
two cases out of 51 of invasive cervical cancer stud- 
ied ; and' in 1 case of cervical intra-epithelial neo* 
plasm out of 28 studied. Thus HPV-IP2 constitutes a 
genitortropic type of HPV with oncogenic potential whose 
frequency is a little less than that of HPV- 18, and much 
less than that of HPV-16. It is necessary to include it 
in any mixture of HPV-DNAs intended for the preparation 
of molecular probes for the diagnosis of, or screening 
for, the types of HPVs presenting a risk of the develop- 
ment of genital neoplasms and, in particular, of cervi- 
cal cancer. 
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^Qlecular c; lonina and characterization of a nev type of 

HPV assor ^ated with Px«'<;?nctr<?u?., Iggjgn? <?i xh^ s>^in 

(HPV-IP4) . 

A new type of HPV has been found in the DNA 
5 extracted from the biopsy of an actinic keratosis, a 
pre-cancerous skin lesion, by molecular hybridization 
under strict conditions, with a mixture containing 
radioactive probes specific for HPV types 5, 6 and 14. 
No cross-hybridization was detected when the hybridiza- 

10 tion was carried out with probes specific to types 1, 2, 
3, 7. 10, 13, 16, 18, 28, IP-1 (previously named HPV- 
31), IP-2 and IP-3 (previously named HPV-32). 

A study of the sensitivity of this HPV to 
several restriction enzymes has shown that the enzyme 

15 EcoRI cuts the viral DNA once. After digestion of the 
DNA extracted from the biopsy by the endonuclease EcoRI, 
the fraction which contains the molecules of DNA of Bkb 
(size of a genome of papillomavirus) was purified by 
centrif ugatin through a sucrose gradient). The 8kb 

20 molecules were inserted, by the EcoRI site, into the DNA 
of the bacteriophage lambda gt wes . lambda B, After 
encapsidation of the recombinant DNA and infection of 
the host bacteria ( Escherichia coli . strain LA101), the 
areas of lysis corresponding to the recombinant phages 

25 were detected by hybridization of the replicated 
infected bacterial cultures, with a radio-active mixture 
of DNAs from the HPVs 8 and 14 under non-strict condi- 
tions. Several recombinant bacteriophages, containing 
the totality of the viral sequences, have been isolated: 

30 the cutting of the phagic DNA by the insertion enzyme 
EcoRI results in an 8kb fragment hybridizing with the 
probe specific to HPVs 5, 8 and 14 under non-strict 
conditions ; the cutting of the DNA of the recombinant 
phages and the DNA of the original lesion by a mixture 

33 of the enzymes EcoRI and PstI results in the same 6 
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fragments, the total molecular weight of which equals 
the size of a genome of the papillomaviruses. The DNA of 
the new HPV was excised from the DNA of a recombinant 
bacteriophage, purified by electro-elution, and re- 
5 cloned into the plasmid pSP65. A restriction map of the 
viral DNA was established from the sensitivity of this 
DNA to 15 restriction endonucleases , which has permitted 
the localization of 23 cut sites (Figure 10). The map 
thus established is different from the map of the 

10 genomes of HPVs identified up til now. The sequence 
homology between the DNA of the new HPV and the DMAs of 
the HPVs identified up to now has been analyzed by 
molecular hybridization experiments on cultures under 
strict conditions. A homology, less than 50 \, has been 

15 detected between the DNA of the new HPV and the DNA of 
certain types of HPVs previously identified in the 
lesions of epidermoplasia verruciformis (HPVs 5, 8, 12, 
14, 19, 20, 21 and 25), but no homology was detected 
with other HPV types. The new virus characterized from 

20 an actinic keratosis thus constitutes a new type of HPV 
provisionally named HPV-IP4, 

The use of a radioactive probe prepared from the 
DNA of purified HPV-IP4 has permitted the demonstration 
of HPV-IP4 in 42 % of the 17 patients studied having 

25 epidermodysplasia verruciformis and in x out of y 
biopsies of actinic keratosis analyzed. Because of its 
great frequency among patients of EV, a disease 
characterized by the frequent development of skin 
cancers, and because of its association with a fraction 

30 of the lesions of actinic keratosis considered as 
precursors of spinocellular cancers of the skinT HPV-IP4 
constitues a type of dermo-tropic HPV with oncogenic 
potential. It is necessary to incorporate it into any 
mixture of HPV-DNAs intended for the preparation of 

35 molecular probes for the diagnosis or screening of HPV 
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types constituting a risX of the development of 
cancerous or pre-cancerous skin lesions. 

The invention still aore particularly concerns 
the mixtures or cocktails of different HPV-DNAs (or 
5 probes containing these HPV-DNAs or sequences from 
them) , susceptible to being used in combination to 
create means for the global diagnosis of the different 
forms of papillomavirus infections, possibly for use in 
the prognosis of the possible evolution of the infec- 
10 tion. The preferred mixtures conforming to the invention 
are identified in Table 5 appended. 
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This Table also indicates the natures of the 
affections susceptible to being more particularly 
diagnosed by the use of the mixtures figuring on the 
left side of the table. It should be noted that the 
5 grouping of the restriction maps in the appended figures 
1 to 9 conform to the groupings given in the column 
headed "Composition" in table 5. This is equally the 
reason why some of the probes are reproduced several 
times in the different figures of the appended drawings. 

10 Each of these mixtures may again be defined as 

including at least one of the new probes according to 
the invention. In other words, the diagnostic composi- 
tions according to the invention may be defined as 
containing : 

15 1) at least the DNA of HPV-2d, 

2) ' at least the DNA of one of the HPVs 10b, 28 and/or 
29, 

3) at least the DNA of one of the HPVs 17 and/or 24, 

4) at least the DNA of one of the HPVs 14, 15, 17, IS, 
20 20, 21 , 22 and/or 23, 

5) at least the DNA of one of the HPVs 15 and/or 17, 

6) the DNA of HPV-24, 

7) the DNA of HPVs 14 and 32, 

8) the DNA of HPV-31, 
25 9) the DNA of HPV-32, 

It being understood that the DNAs of the nine groups are 
chosen in such a manner as to in all circumstances be 
different from each other. 

In view of the great diversity of HPVs suscept- 

30 ible of being isolated from the different forms of warts 
or other skin or mucous membrane lesions, it is never- 
theless preferable, for the diagnosis of each type of 
disease mentioned in the table, to use mixtures contain- 
ing more than one or two HPV-DNAs, since it has been 

35 recognized that other HPV-DNAs may equally intervene in 
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the sane type of affection. The diagnosis of the nature 
of the infection and its possible evolution will be that 
much more effective as the number of probes used is 
increased. In addition, hybridization assays carried out 
5 with the different mixtures of probes will allow diffe- 
rential diagnoses with an equivalently greater degree of 
probability. of the disease from which the patient 
suffers , 

In Table 5» only probes formed from HPV-DNAs 

TO isolated in the laboratories of the inventors, have been 
mentioned. It goes without saying that, because of the 
preceding, the different mixtures may be improved by the 
addition of other HPV-DNAs obtained through the works of 
other laboratories, once such are found from the various 

15 afflictions of the same kind presented by patients. For 
example, mixture 7 can only be improved by the addition 
of any other HPV-DNAs encountered in epidermodysplasias 
verruciformis with the risk of transformation into 
intra-epithelial neoplasms and skin cancers. Note that 

20 in table 5, certain of the mixtures are presented as 
being characteristic to the diagnosis of the same 
diseases. It should nevertheless be recognized that the 
different mixtures make a distinction between those 
infections implying little risk of cancerization, and 

25 those bearing a high risk of it. For example, the 
hybridi-zation of a viral preparation derived from a 
patient submitted for diagnosis, with mixture 7, 
suggests a greater risk of evolution to skin cancer than 
if the sample had hybridized to a greater degree with 

30 the probes of mixture 3, 

Likewise, the cases of £V detected by mixture 5 
implies a greater risk of cancerization than those cases 
detected with mixture 6. Mixture 4 will discern EV cases 
having an even higher risk than those detected by 

35 mixture 5, 
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In the following is described other mixtures or 
cocktails of different HPV-DNAs (or probes containing 
these HPV-DNAs or sequences of them), susceptible of 
being used in combination for the realization of global 
5 diagnoses of the different forms of papillomavirus 
infections, perhaps for the purposes of determining a 
prognosis of the possible evolution of the affliction. 

The preferred mixtures conforming to the inven- 
tion are identified in the aforesaid table 5. 

10 The aforesaid table equally indicates the 

natures of the affections susceptible of being more 
particularly diagnosed by the use of the mixtures 
figuring on the left side of the table. It is to be 
recalled that the restriction maps of other HPV-DNAs 

15 identified in the preceding table are contained in the 
Figures 1 through 9. 

It should be noted that HPV-IP2 may be consider- 
ed as particularly representative of the probes useable 
for the detection of the risk of developing genital 

20 neoplasms and, in particular, cervical cancers. 

The invention therefore concerns more particu- 
larly yet the "kits" for diagnosis including at least 10 
groups figuring in the groups numbered 1 to 10 in the 
table under the heading "Designation of the mixtures*. 

25 In the preceding, what was primarily under 

consideration was the use, as probes, of whole, cloned 
HPV-DNAs. These, however, could be replaced by cloned 
fragments of these different DNAs , notably by the genes 
El or LI and by the genes E6-E7, 

30 The basic principal of in vitro detections of 

HPV-DNAs will naturally involve hybridizations operated 
under strict or less strict conditions, A procedural 
example follows, it being of course understood that the 
diagnostic assays described should in no way be consid- 

35 ered as limiting the conditions of use of the probes or 
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mixtures of the probes according to the invention. 

The object of examinations involving probes 
prepared from mixtures of DNAs from cloned HPVs is to 
reveal an HPV and identify the type of HPV in a biopsy, 
5 in cells obtained by scraping a lesion, or in biopsy 
sections fixed with Carnoy ' s mixture (ethanol, chlor.o- 
form, acetic acid 6:3:1) and included in paraffin. The 
examination requires the prior extraction of the DNA 
from the samples according to methods the principal of 

10 which is known and involves the analysis of this DNA by 
molecular hybridization under strict or less strict 
conditions with the aid of radioactive probes (labeled 
with ^^P or ^^S) prepared from mixtures of HPV-DNAs. In 
general, each examination requires the use of several 

15 mixtures of probes. 

Several hybridization methods may be used. For 
example, the spot hybridization method includes, -after 
denaturation of the DNA, the deposition of an aliquot of 
the DNA onto film supports (nitrocellulose or 

20 Genescreenplus K the hybridization of each film under 
the usual conditions with a mixture of probes, and the 
detection of the radioactive hybrids by contact expo- 
sition of the hybridized film onto radiographic film. 
Another possibility is replicated culture hybridization 

25 which involves agarose gel electrophoresis separation of 
the DNA fragments resulting from treatment of the DNA by 
restriction enzymes, the transfer of the fragments after 
alkaline denaturation onto films (nitrocellulose or 
Genescreenplus ) and their hybridization under usual 

30 conditions with different mixtures of probes. The 
formation of radioactive hybrids is detected again by 
contact exposition of the hybridization support films 
onto radiographic film. 

The radioactive probes are constituted of 

35 HPV-DNAs labeled by the "nick translation" method, or by 
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RNAs prepared by transcription of virai DNAs inserted 
into a vector, for example of the type SP6. The use of 
radioactive probes offers the advantage of great 
sensitivity, but this does not exclude the use of 
5 non-radioactive probes, for example biotinylated and 
able to be recognized by antibodies either themselves 
labeled or themselves recognizable by antibodies bearing 
enzymatic, fluorescent or other labeling. 

The choice of probes depends on the nature of 
10 the patient sample. Thus, for example, in the case of a 
patient suspected of having EV, mixtures 1, 2, 3, 4, 5, 
6 and 7 would be used. Mixtures 1 and 2 would permit 
differential diagnosis between EV and skin warts. Probe 
3, which includes the most frequently detected member of 
15 each of the three groups of HPVs associated with EV, and 
probe 7, containing the DNAs of the HPVs associated with 
cancers of EV, would permit diagnosis of the majority of 
EV cases and, in particular, the identification of 
patients infected with the types of HPVs most likely to 
20 develop into cancers. The use of mixtures 4, 5 and 6 
would distinguish which type or types of HPV are 
infecting the same patient. 

The invention thus again concerns the sets or 
"kits* containing a number of the probes indicated 
25 above, notably : 

either the representatives of each of the 19 
types and sub-types of HPV-DNAs indicated above ; 

or mixtures of probes, preferably the diverse 
groups or mixtures of probes which have been defined 
30 above, these kits being intended for diagnostic 
examinations in vitro by hybridization between the 
viral preparations obtained from patients, and the 
diverse groups of mixtures. 

As it goes without saying and as it results 
35 already anyway from the preceding, the invention is in 
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no way limited to those of its embodiments and applica- 
tions specifically anticipated, but, on the contrary, 
embraces all variants, notably the reference in the 
claims to a designation HPV-DNA followed by a specific 
5 number, and to which corresponds an HPV-DNA whose 
restriction map has been provided in the drawings, is to 
be understood as signifying that these claims cover 
allHPV-DNAs which have in common with this particular 
HPV-DNA, the power to be classed in the same type, 
10 according to the definition which was given above, and 
all the more to HPV-DNAs belonging to the same sub-type. 

It is also to be noted, particularly with regard 
to the DNA derived from HPV-32 which appears in the 
drawings, that it is not split by any of the following 
15 enzymes : Aval, Ball, BamHI, Clal, EcoRI, Hindlll , Ndel. 
^. Nrul, PvuII, Sad, Sail, Smal, Tthlll, or Xmal. 

Note. too, that the following recombinant DNAs 
\r\ were filed with the CN.C.M. (National Collection of 

Cultures of Micro-organisms of the Institut Pasteur in 
20 Paris) the 30th of November 1984, under the numbers 
listed here : 

pBR322/HPV2d No. 1-379 

pBR322/HPV10bA No. 1-380 

pBR322/HPV10bB No. 1-381 

25 pBR322/HPV14a No, 1-382 

pBR322/HPV14b No. 1-383 

PBR322/HPV15 No, 1-384 

pBR322/HPV17a No. 1-385 

pHPVS HindIIIB/HPV17b No. 1-386 

30 PBR322/HPV19 No. 1-387 

PBR322/HPV20 No. 1-388 

PBR322/HPV21 No. 1-389 

pHPVS HindIIIB/HPV22 No. 1-390 

PBR322/HPV23 No. 1-391 

35 pBR322/HPV24a No. 1-392 
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pBR322/HPV24b No, 1-393 

PBR322/HPV28 No. 1-394 

PBR322/HPV29 No. 1-395 

PBR322/HPV31 No. 1-396 

5 PSP64/HPV32 No. 1-397 

PLI55/IP2 No. 1-450 

PSP65/IP4 No. 1-449 



The invention yet more particularly the products 
of the expression of genes E6 and E7 from the different 
10 papillomaviruses which have been evoked in the preceding 
and which may be used as the active principal of 
vaccines able to induce, when administered in effective 
doses ; the resistance of the host to the development of 
neoplasms associated with papillomaviruses. 

15 The invention equally concerns serums suscep- 

tible to being obtained by immunization of a mammal, 
- seru ms which may be used for the preparation of aerums 
administrable in effective doses to a patient, notably 
parenteral ly , these serums then being able to provoke a 

20. remission of the infections induced by the corresponding 
types or sub- types of papillomaviruses. 

It is pointless to emphasize the capacity of the 
specialist to obtain the products of the polypeptidic 
expression of the kind in question, notably by the 

25 techniques of genetic engineering consisting of the 
incorporation of the E6 and/or E7 sequences into a 
vector * under the control of an appropriate promoter, 
then the transformation of a cellular host, of which the 
papillomaviruses are likely to recognize the promoters 

30 in question and to express the sequences associated with 
it. 

The invention thus also concerns the composi- 
tions for pharmaceutical usage containing the principles 
of the kind in question (expression products or 
35 corresponding antibodies), in association with a 



33 



10 



15 



20 



h 2 5 



physiologically acceptable pharmaceutical vehicle. In 
particular, this latter is constituted of an injectable 
saturated solution, in the case where the compositions 
of the kind in question will be administered parenter- 
ally. 

Lastly, reference is made to the articles whose 
bibliographical references follow, which fill the 
requirement to describe the prior state of the art to 
the extent that that proves useful to the complete 
understanding of this text by the reader. For this 
reason, the contents of these articles should be 
considered as being part of the description. 
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